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Review article 
Risk factors for development of lower limb osteoarthritis in physically 
demanding occupations: A systematic review and meta-analysis 
Elisa F.D. Canetti a,b,*, Ben Schram a,b, Robin M. Orr a,b, Joseph Knapik b, Rodney Pope b,c 
a Faculty of Health Sciences and Medicine, Bond University, 14 University Drive, Robina, QLD, 4226, Australia 
b Tactical Research Unit, Bond University, 2 Promethean Way, Robina, QLD, 4226, Australia 
c School of Community Health, Charles Sturt University, Elizabeth Mitchell Dr, Thurgoona, NSW, 2640, Australia   
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A B S T R A C T   
This systematic review and meta-analysis identified and critically reviewed the findings of recent studies (last 15 
years) examining relationships between specific physically demanding occupations or occupational tasks and 
development of lower limb osteoarthritis (OA). Twenty-eight studies with 266,227 cases of lower limb OA were 
included. Occupational tasks contributing to OA included farming, floor laying, and brick laying. Activities 
significantly contributing to the risk of knee OA were lifting heavy loads (>10 kg/week) (odds ratio [OR]  1.52, 
95% confidence interval [95%CI] 1.29–1.79), squatting/kneeling (OR  1.69, 95%CI 1.15–2.49), standing (>2 
h/daily) (OR  1.22 95%CI 1.02–1.46) and walking (OR  1.40 95%CI 1.14–1.73). Lifting contributed signif-
icantly to the risk of hip OA (OR  1.35, 95%CI 1.16–1.57). The effects of occupational exposures appear to be 
magnified by previous injury and BMI >25 kg/m2. Since specific occupational activities increase OA risk, 
ergonomist should encourage the use of existing tools, or oversee the design of new tools that may decrease 
exposure to such activities.   
1. Introduction 
Osteoarthritis (OA) is a common chronic and debilitating musculo-
skeletal condition estimated to affect over 250 million people worldwide 
(Hunter and Bierma-Zeinstra, 2019). In 2015, over two million Austra-
lians suffered from OA (Australian Bureau of Statistics, 2014–15), with 
an estimated 3.1 million affected by 2030 (Ackerman et al., 2017). This 
was estimated to cost the health care system over 2.9 billion Australian 
dollars (Ackerman et al., 2017). The total financial burden of OA is, 
however, much greater as these figures do not account for costs other 
than health care costs, including those arising in occupational contexts 
from loss of working days, presenteeism, job reallocation, staff repur-
posing and premature retirement (David et al., 2014). The 2010 United 
States (US) Medicare Expenditure Panel Survey estimated the annual 
cost of OA-related absenteeism to be greater than 10 billion US dollars, 
as workers suffering from OA missed an average of three workdays per 
year (Kotlarz et al., 2010). In Canada, the lowest estimated cost of 
presenteeism was $700 per worker per year, $200 more than the cost of 
absenteeism mentioned above (Zhang et al., 2010a). These substantial 
impacts on quality of life and projection of further burden of OA 
worldwide warrant investigation to determine its aetiology and risk 
factors. 
OA has a multifactorial aetiology including genetic (Zeggini et al., 
2012), biological and biomechanical elements (Glyn-Jones et al., 2015). 
Clinically, OA may present with persistent pain, restricted movement, 
limited morning stiffness, crepitus, bony enlargement and reduced joint 
function (Zhang et al., 2010b). OA diagnosis can be made using either 
clinical evidence (indicating presence of three out of the six signs and 
symptoms listed above) or radiological evidence. Pathological features 
observed in radiographic imaging include loss of hyaline cartilage 
(leading to reduced joint space) and alterations to the subchondral bone 
(e.g. subchondral bone sclerosis, subchondral cysts, osteophyte forma-
tion). However, a recent study has shown that, in particular articulations 
such as the hip, OA may be undetected if the diagnosis relies solely on 
radiographs (Kim et al., 2015). Therefore the evidence-based recom-
mendation for the diagnosis of knee and hip OA should include both 
radiographic and clinical features, in accordance with the American 
College of Rheumatology radiological and clinical criteria for OA of the 
knee and hip (Altman et al., 1986, 1991; Bijlsma et al., 2011). 
Many studies have researched the risk factors associated with 
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development of OA. The intrinsic factors include: older age, female sex, 
overweight and obesity, inflammation, dyslipidaemia and prior injury 
(Silverwood et al., 2015; Blagojevic et al., 2010; Sturmer et al., 1998; 
Lohmander et al., 2004; Gelber et al., 2000; Neuman et al., 2008; 
Saltzman et al., 2005). Obesity induces not only biochemical alterations 
(i.e. increase in proinflammatory adipokines and cytokines) but also 
contributes to a mechanical overload, particularly in lower limb joints 
(Ramage et al., 2009; Widmyer et al., 2013; Harding et al., 2012). 
Adding to this increased biomechanical demand, extrinsic factors such 
as participation in trauma-prone sports (Spector et al., 1996) and 
arduous occupational tasks (e.g. heavy lifting, kneeling/squatting, 
climbing) have been found to increase the risk of lower limb OA (Coggon 
et al., 2000). 
A recent narrative umbrella review providing an overview of previ-
ous literature reviews, examined risk factors for the development of 
lower limb OA in physically demanding occupations such as the military 
(Schram et al., 2019). The umbrella review demonstrated a proportional 
increase in the risk of developing OA in occupations involving heavy 
physical workloads. Through a dose-response meta-analysis of five 
case-control studies Verbeek et al. (2017) identified an incremental in-
crease risk for the development of knee OA of OR 1.26 (95% confidence 
interval 1.17–1.35) per 5000 h of kneeling. Unfortunately, when 
reporting on lifting and carrying tasks, the studies included in the 
literature considered in the umbrella review and in Verbeek et al. (2017) 
have adopted varying definitions of ‘heavy’ loads, ranging from 10 kg to 
more than 50 kg (Bergmann et al., 2017; Jensen, 2008a, 2008b), and 
they have seldom adopted comparable exposure frequencies and dura-
tions, if these have been reported at all. To counter these methodological 
challenges, Seidler et al. (2018) developed a meta-regression which 
replaced the exposure categories in the available studies with cumula-
tive exposure values. These researchers estimated that 25 to 58 repeti-
tions of lifting and/or carrying weights greater than 20 kg or lifting 
0.7–1.6 tons per day in a working life of 40 years would double the risk 
of hip OA (Seidler et al., 2018). Unfortunately, other occupational tasks 
such as kneeling, or squatting were not assessed by this group (Seidler 
et al., 2018). 
Given the burden of OA and its complex epidemiology, particular 
attention to extrinsic factors, such as occupational demands contrib-
uting to OA, is warranted. Building on the aforementioned umbrella 
review (Schram et al., 2019), the primary aim of this systematic review 
was to identify and critically review the findings of recent studies 
regarding the relationships between specific physically-demanding oc-
cupations or occupational tasks and the development of lower limb OA. 
2. Methodology 
2.1. Eligibility criteria, data sources and search terms 
PubMed, Cumulative Index to Nursing and Health Care Literature 
(CINAHL) and Elton B Stevens Company (EBSCO) databases were 
searched systematically using the search terms listed in Table 1. The 
reference lists of included articles were also manually searched and 
colleagues with expertise in the subject area were approached to identify 
additional studies of relevance. The recently published umbrella review 
from our group identified 16 reviews on OA, reporting on over 500 
primary studies with search dates ranging from 1952 to 2014 (Schram 
et al., 2019). Therefore, aiming to avoid repetition whilst including 
recent relevant studies, the criteria adopted for study inclusion in this 
systematic review were: a) the study reported original research con-
ducted in humans; b) the study was published in the English language; c) 
the study was published within the last 15 years; d) the study investi-
gated risk factors for development of lower limb OA in personnel 
engaged in physically-demanding occupations; and e) the study 
included both clinical and radiological diagnostic criteria for OA in their 
participant inclusion criteria. Original search was completed in 25 
November 2018 and an update search was performed on the 19 
December 2019. The specific anatomical locations included in the lower 
body are defined in Table 1. These included the knee, hip, ankle, foot, 
and the general “lower body” region. 
Titles and abstracts of studies identified in the systematic search 
were screened and both duplicates and studies that were clearly ineli-
gible were removed. Full text copies of all remaining studies were ob-
tained and subjected to the inclusion criteria with ineligible studies 
excluded and reasons recorded independently by two authors (EFDC & 
BS). The search, screening and selection processes were documented in a 
PRISMA flow diagram (Moher et al., 2009). 
2.2. Methodological quality assessment 
Eligible publications identified through the literature search, 
screening and selection processes were critically appraised to assess 
their methodological quality using the Critical Appraisal Skills Pro-
gramme (CASP) toolkit (Critical Appraisal Skills Programme, 2018a, 
2018b) or the AXIS tool for appraising cross-sectional studies (Downes 
et al., 2016). The CASP toolkit provides checklists to facilitate accurate 
and fair appraisal of each study, based on method design, but does not 
include a tool to appraise cross-sectional studies; thus, the CASP toolkit 
was supplemented by the AXIS tool (Downes et al., 2016) for that pur-
pose. The included studies were all suitable for appraisal using the CASP 
cohort study checklist, the CASP case-control study checklist, or the 
AXIS tool. The CASP cohort study checklist (Critical Appraisal Skills 
Programme, 2018b) contains 12 questions for study quality assessment. 
The first two questions relate to screening and the following 10 ques-
tions guide the reviewer through the assessment of validity, relevance, 
methodology and result quality. The CASP case-control checklist (Crit-
ical Appraisal Skills Programme, 2018a) contains 11 questions, the first 
three of which are focused on screening and the following eight ques-
tions assessing validity, design effectiveness, power, and applicability. 
The AXIS (Downes et al., 2016) is a 20-question checklist encompassing 
11 questions regarding objectives and methodology, seven questions to 
guide the assessor through the study’s findings and discussion and two 
questions pertaining to ethical considerations such as consent and con-
flicts of interest. 
Questions in each of the three tools were rated on a binary scale, with 
‘1 point’ awarded for questions that can be answered ‘yes’ and ‘0 points’ 
awarded for those which are answered ‘no’ or are indeterminable. An 
exception to this method was question 19 in the AXIS tool, where a ‘no’ 
answer was awarded 1 point, since answering “yes” to that question 
affirms that there are funding sources or conflicts of interest that may 
affect the authors’ interpretation of results. Questions 7–9 on both the 
CASP cohort study checklist and the CASP case-control checklist were 
condensed into 1 item, as they are all closely related, and items 7 and 8 
cannot be answered numerically. Therefore, cohort studies were scored 
Table 1 
Search terms per database.  
Database Search Terms Filters 
PubMed (“arthritis”[Title/Abstract] OR 
“osteoarthritis”[Title/Abstract]) AND 
(“ankle”[Title/Abstract] OR “knee”[Title/ 
Abstract] OR “hip”[Title/Abstract] OR 
“foot"[Title/Abstract] OR “lower 
limb”[Title/Abstract]) AND (“risk”[Title/ 
Abstract] OR “prevalence”[Title/Abstract] 
OR “cause*”[Title/Abstract]) 
Full text, 2003–2018, 
In English, on Humans 
Cinahl (AB) Arthritis OR osteoarthritis 
AND (AB) ankle OR knee OR hip OR foot OR 
lower Limb 
AND (AB) risk OR prevalence OR cause 
Human, peer reviewed, 
from 2003, in English, 
EBSCO Arthritis OR osteoarthritis 
AND ankle OR knee OR hip OR foot OR 
lower Limb 
AND risk OR prevalence OR cause 
Human, peer reviewed, 
from 2003, in English.  
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out of 12 possible points and case-control studies were scored out of nine 
possible points, while cross-sectional studies were scored out of 20 
points, with scores from each tool then converted to a percentage score 
to derive the final scores considered in the review from all three tools. To 
ensure validity of score reporting, studies were assessed by two authors 
(EFDC & BS) independently. Where the scores assigned to a study by the 
two scoring authors varied by more than 1 point, the paper was re- 
assessed by a third author (RO). Where differences remained, and 
consensus could not be reached, the third author (RO) adjudicated to 
determine the final score. The overall level of agreement between the 
initial two raters, measured by Cohen’s kappa, was k  0.700 and 
considered a ‘substantial agreement’ (Viera and Garrett, 2005). 
2.3. Data extraction and synthesis 
Key data were subsequently extracted from each included study and 
tabulated. Extracted data included study authors, year of publication, 
number and characteristics of participants, methods used in the diag-
nosis of OA and quantification of the exposure to risk factors, and results 
- the latter with particular emphasis on odds ratios (OR) for risk of 
developing OA and associated 95% confidence intervals (95% CI), 
where these could be extracted or derived. Where these were unavai-
lable but relative risks (RR) or hazard ratios (HR) were provided, these 
were extracted instead. Funding information of included studies were 
recorded when disclosed but not reported in this article. Following data 
compilation, key findings from the included studies were initially syn-
thesised using a critical narrative approach. Following the critical 
narrative synthesis, meta-analyses were conducted where appropriate 
and these are further described below. 
2.4. Statistical and meta analyses 
Where possible, odds ratios (OR) and 95% confidence intervals (CI) 
were calculated (along with standard errors) according to Altman 
(1991), to indicate estimates of comparative levels of risk associated 
with specific occupational exposures and other risk factors for lower 
limb OA. Findings from the included studies were then further analysed 
through meta-analyses using the Cochrane Collaboration’s software 
package, Review Manager (RevMan, version 5.3). This provided pooled 
estimates of the contributions of the reported risk factors to the devel-
opment of lower limb OA using all available studies. When studies 
presented multiple values for comparative levels of risk associated with 
particular occupational risk factors (e.g. based on different exposures or 
weights handled) the comparative risk value included in the 
meta-analysis was the category with exposure ranges similar to other 
studies reporting the task. When other risk factors were sub-classified (e. 
g. sports participation sub-divided into soccer, tennis, and others) and 
numbers of cases exposed and non-exposed were presented, the 
sub-classifications were grouped and the calculated OR for the overall 
factor (e.g. sports participation) was included in the analysis. Hetero-
geneity was assessed using the standard χ2 test and I2 value and was 
considered statistically significant at p < 0.10 (Higgins and Green, 
2011). I2 values between 0% and 30% were considered minimal, 30%– 
50% moderate, 50%–90% substantial, and >90% considerable hetero-
geneity (Higgins and Green, 2011). Within subgroup sensitivity assess-
ment was performed with regard to heterogeneity. Values were recorded 
as OR and 95% CI [lower limit, upper limit], unless stated otherwise. 
Forest plots were generated from the meta-analyses, where appropriate, 
to aid in visualisation and interpretation of the results. Publication bias 
was assessed using funnel plots and the Trim-and-Fill procedure (Sterne 
and Egger, 2001; Duval and Tweedie, 2000). Funnel plots used here 
were graphs of standard errors (SE) and ORs. Studies with larger sample 
sizes tend to cluster near the top of the plot and near the pooled SE while 
smaller studies are generally near the bottom of the graph. If publication 
bias is present, the bottom of the plot tends to show a higher concen-
tration on one side since studies with smaller samples are more likely to 
be published if they had larger SEs (Sterne and Egger, 2001). The 
Trim-and-Fill procedure adjusts the funnel plot through an iterative 
process, removing studies concentrated on one side of the plot, rein-
serting the “trimmed” studies on the other side of the plot, and imputing 
their counterparts on the original side of the plot (Duval and Tweedie, 
2000). A new SE and 95% CI is produced with imputed values. 
3. Results 
The systematic search resulted in identification of a total of 6407 
articles and a further three articles were identified from other sources. 
Once the screening and selection processes were complete, 28 articles 
remained for inclusion in the systematic review. The PRISMA diagram 
outlining the identification, screening, eligibility assessment, and se-
lection of articles is shown in Fig. 1. 
Among the included studies, there were two cohort studies (Ander-
sen et al., 2012; Jarvholm et al., 2008), ten case-control studies 
(Franklin et al., 2010; Holmberg et al., 2004; Klussmann et al., 2010; 
Mounach et al., 2008; Seidler et al., 2008; Vrezas et al., 2010; Thelin 
et al., 2004; Yoshimura et al., 2004, 2006; Rubak et al., 2014), and 
sixteen cross-sectional studies (Allen et al., 2010; Amin et al., 2008; 
Bernard et al., 2010; D’Souza et al., 2008; Ezzat et al., 2013; Jensen, 
2005; Jensen et al., 2012a; Kaila-Kangas et al., 2011; Muraki et al., 
2009; Rossignol et al., 2005; Rytter et al., 2009; Showery et al., 2016; 
Zhang et al., 2004; Kim et al., 2010; Muraki et al., 2011; Jensen et al., 
2012b). Eleven studies reported on comparative risks of developing hip 
or knee OA associated with particular occupations (Andersen et al., 
2012; Jarvholm et al., 2008; Franklin et al., 2010; Holmberg et al., 2004; 
Thelin et al., 2004; Yoshimura et al., 2006; Jensen et al., 2012a, 2012b; 
Rytter et al., 2009; Showery et al., 2016; Kim et al., 2010), without 
analysing or specifying occupational tasks as risk factors (Table 2). Two 
studies reported on both occupations and occupational tasks as risk 
factors (Seidler et al., 2008; Rossignol et al., 2005) for hip or knee OA 
(Table 2). A further fifteen studies reported on occupational tasks but 
not occupations as risk factors for knee or hip OA (Table 2). Only one 
(Bernard et al., 2010) of the 28 studies included in the review reported 
on risk factors for OA of a lower limb joint other than the knee or hip 
(specifically, the first metatarsophalangeal joint). 
Key data from the included studies are presented in a structured 
manner in Table 3 (occupations) and Supplementary Table 1 (occupa-
tional tasks), which provide measures of OA risk associated with expo-
sure to specific occupations and specific occupational tasks, 
respectively. In addition, Supplementary Table 1 identifies other risk 
factors (for example, high BMI, previous injury, older age and female 
sex) that appear to affect the relationships between exposure to specific 
occupational tasks and risk of developing OA. 
3.1. Occupations 
Occupations considered to be physically demanding, such as con-
struction workers, floor layers, brick layers, fishermen, farmers and 
service personnel (including but not limited to salespersons, health care 
workers, police officers) (Andersen et al., 2012; Franklin et al., 2010; 
Holmberg et al., 2004; Thelin et al., 2004; Allen et al., 2010), were 
associated with an increased risk of the development of both hip and 
knee OA. Some occupations showed a dose dependent relationship be-
tween OA and years worked (Andersen et al., 2012; Holmberg et al., 
2004; Jensen, 2005; Rytter et al., 2009; Jensen et al., 2012b). For 
example, farmers had an increased risk of hip OA after one to five years 
of work (hazard ratio [HR], when compared to office workers, 1.63 
(95%CI 1.52 to 1.74), which increased substantially (HR 3.00 (95%CI 
2.71 to 3.32] in those who had worked longer than 10 years (Andersen 
et al., 2012). Due to such high comparative risks, Thelin et al. (2004) 
investigated specific occupational tasks within farming, such as working 
more than 5 h in an animal barn, which was shown to increase the risk of 
hip OA substantially (OR exposed/not exposed 13.3 (95%CI 1.2 to 
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145.0)) (Thelin et al., 2004). In another study, construction workers 
who had worked in the industry for 11–30 years had 3.7 (95%CI 1.2 to 
11.3) times the odds of developing knee OA compared to matched 
controls (Holmberg et al., 2004). However, a dose-response relationship 
could not be established between exposure and development of OA, as 
construction workers who had been in the profession for over 30 years 
had a lower risk (OR 1.6 (95%CI 0.6 to 4.6)) than those exposed for 
11–30 years (Holmberg et al., 2004). The authors hypothesised that such 
findings could be explained by the healthy worker survivor effect, where 
workers who have developed knee OA may have left the workforce and 
therefore only those who are healthy remain. 
Franklin et al. (2010) found that, compared to controls in managerial 
occupations, farmers were at a greater risk of having both a total knee 
replacement (TKR) and total hip replacement (THR) (OR 5.1 (95%CI 2.1 
to 12.4) and 3.6 (95%CI 2.1 to 6.2), respectively). This was presumed by 
the authors to be due to their heavy workload. Likewise, male fishermen 
were at significantly greater risk of having a TKR for OA when compared 
to managers and professionals (OR 3.3 (95%CI 1.3 to 8.4)) (Franklin 
et al., 2010). The increased risk of having surgery due to knee OA in 
occupations with heavy physical workloads was also found by Jarvholm 
et al. (2008), who reported that floor layers had 4.7 (95%CI 1.8 to 12.3) 
times the risk observed in white-collar workers of having surgical 
treatment for their knee OA. The study concluded that across all con-
struction industry workers, (1) 50% of the cases of severe OA of the knee 
could be prevented by addressing occupational risk factors (i.e. 
decreasing exposure to occupational tasks such as squatting/kneeling), 
and (2) that despite a positive correlation between hip and knee OA (r 
0.62, p  0.01), the knee appears to be more affected than the hip 
(Jarvholm et al., 2008). Floor layers were also the focus of a study by 
Jensen et al. (2012a) due to the substantial amount of time they spent 
kneeling. In a separate study with this same cohort of floor layers, 
Jensen et al. (2012b) highlighted that seniority in the trade was asso-
ciated with an increased risk of tibiofibular knee OA compared to 
graphic designers (>30 years of exposure OR 4.82 (95%CI 1.38 to17.0)). 
Fig. 1. PRISMA diagram showing results of the search, screening and selection processes for the systematic review and meta-analysis.  
E.F.D. Canetti et al.                                                                                                                                                                                                                            
Applied Ergonomics 86 (2020) 103097
5
Large cross-sectional surveys have found that OA is prevalent in 40% 
of physically demanding, heavy labour jobs which require uncomfort-
able positions, or constant lifting or carrying of heavy objects. These 
include agriculture, housekeeping, truck drivers and labour workers 
(Jarvholm et al., 2008; Franklin et al., 2010; Jensen, 2005; Rossignol 
et al., 2005). These large studies have concluded that OA is in fact linked 
to occupation and not simply an inevitable disease of ageing. There are 
subsequently calls for an increased number of occupation-specific 
studies which develop and evaluate preventative strategies (Showery 
et al., 2016; Kim et al., 2010). 
Likewise, individuals in military occupations were found to be at 
increasing risk of knee OA as their age or rank increased (Showery et al., 
2016). Given the length of service required to reach higher ranks, length 
of service may also therefore be associated with an increased risk of OA. 
In addition, service type predicted level of lower limb OA risk (Showery 
et al., 2016), with service in the Army or Air Force being associated with 
an increased risk of knee OA (p < 0.001) when compared to service in 
the Marines. 
3.2. Occupational tasks 
3.2.1. Occupational tasks associated with knee OA 
The occupational tasks considered in many studies as risk factors for 
development of knee OA are depicted in Fig. 2. Five of the seventeen 
included studies that reported on occupational tasks associated with 
development of knee OA were excluded from the final meta-analysis for 
knee OA risk as they either (a) failed to identify the exclusive contri-
bution of a particular task (i.e. utilised exposure indexes [an equation 
involving multiple task types, self-reported time spent in task and/or 
years in the occupation]) or (b) did not provide enough information for 
estimating data. The twelve studies included in the final meta-analysis 
revealed a significant, though modest, overall contribution of expo-
sure to these physically demanding tasks to the risk of developing knee 
OA (Fig. 2). Contributions of exposure to individual task categories in 
increasing knee OA risk (Fig. 2) were generally modest, though in most 
instances statistically significant. There was moderate overall hetero-
geneity amongst the task categories analysed, thus a random model was 
used. Trim-and fill (Duval and Tweedie, 2000) adjustments were per-
formed as visual inspection of a funnel plot revealed likely publication 
bias (Fig. 3). Trim-and-fill adjustment resulted in the input of 11 values, 
all to the left of the funnel plot (i.e. lower effect size). The adjusted ORs 
and 95%CIs were still significant in most task categories except for 
squatting and climbing (Fig. 2). 
3.2.2. Lifting/carrying 
Ten studies assessed the association between exposure to lifting/ 
carrying and risk of developing knee OA. Of those, three studies com-
bined the actions of lifting and carrying (Klussmann et al., 2010; Seidler 
et al., 2008; Vrezas et al., 2010), while the remaining seven studies 
assessed lifting separately. The reported weight lifted ranged from 4.5 kg 
to >25 kg, and, when reported, frequency of lifting ranged from once to 
ten times per week. Meta-analysis results showed a significant associa-
tion between exposure to lifting/carrying tasks and risk of developing 
knee OA (Fig. 2). 
Lifting 4.5 kg ten times/week (OR 1.42 (95%CI 1.13 to 1.80)) (Allen 
et al., 2010) and >10 kg/week was reported to increase the risk of OA in 
both men (OR 2.26 (95%CI 1.52 to 3.40)) and women (OR 1.68 (95%CI 
1.24 to 2.26) (Muraki et al., 2009). Substantial cumulative exposure to 
lifting and carrying (ranging from 5120 to 37,000 kg*hour) resulted in 
an increase in the risk of knee OA in men (OR 2.0 (95%CI 1.1, 3.9)) 
(Seidler et al., 2008) and a 2.6-fold increased risk in men with BMI  25 
kg/m2 (Vrezas et al., 2010). In women, the cumulative exposure to lif-
ting/carrying more than 1088 tonnes/lifetime (mean reported lifetime 
59.6 years (9.8 years)) was a significant contributing factor to the 
development of knee OA (OR 2.13 (95% CI 1.14 to 3.98)) (Klussmann 
et al., 2010). 
3.2.3. Squatting/knee bending/kneeling 
Twelve studies reported specifically on squatting, kneeling, and knee 
bending tasks as risk factors for the development of knee OA. Combined, 
these studies indicated that squatting, kneeling and other knee bending 
tasks were significantly associated with the development of knee OA, 
though the comparative risk for those exposed to these tasks was only a 
little higher than for those not exposed (OR 1.21 (95%CI 1.10 to 1.33), z 
 3.82, p < 0.001). The associations between individual task categories 
(i.e. squatting, kneeling, and knee bending) and the development of 
knee OA are provided in Fig. 2. 
Of the twelve studies, three case-control studies (Klussmann et al., 
2010; Seidler et al., 2008; Vrezas et al., 2010) and one cohort study 
(Amin et al., 2008) reported on the three tasks without acknowledging 
the biomechanical differences between them. These three studies, 
grouped for meta-analysis purposes, demonstrated a significant associ-
ation between the three task categories combined and the development 
of knee OA (Fig. 2). Exposure to kneeling/squatting for 3574 to 12,244 
h/life was associated with a substantial increase in the occurrence of 
Table 2 
Occupational risk factors for knee or hip OA examined in the included studies.  
Risk factors Number of 
studies 
References 
Specific 
Occupations 
11 (Andersen et al., 2012; Jarvholm et al., 
2008; Franklin et al., 2010; Holmberg et al., 
2004; Thelin et al., 2004; Jensen et al., 
2012a, 2012b; Rytter et al., 2009; Showery 
et al., 2016; Kim et al., 2010) 
Specific 
Occupational 
Tasks 
17  
Squatting/knee 
bending 
13 (Klussmann et al., 2010; Mounach et al., 
2008; Seidler et al., 2008; Vrezas et al., 
2010; Yoshimura et al., 2004; Allen et al., 
2010; Amin et al., 2008; Bernard et al., 
2010; D’Souza et al., 2008; Jensen, 2005;  
Muraki et al., 2009; Zhang et al., 2004;  
Muraki et al., 2011) 
Kneeling 7 (Klussmann et al., 2010; Mounach et al., 
2008; Yoshimura et al., 2004; D’Souza et al., 
2008; Ezzat et al., 2013; Muraki et al., 2009; 
Muraki et al., 2011) 
Lifting/Carrying 13 (Klussmann et al., 2010; Mounach et al., 
2008; Seidler et al., 2008; Vrezas et al., 
2010; Yoshimura et al., 2004; Rubak et al., 
2014; Allen et al., 2010; Amin et al., 2008;  
D’Souza et al., 2008; Kaila-Kangas et al., 
2011; Muraki et al., 2009; Rossignol et al., 
2005; Muraki et al., 2011) 
Standing 9 (Klussmann et al., 2010; Mounach et al., 
2008; Yoshimura et al., 2004; Rubak et al., 
2014; Allen et al., 2010; Bernard et al., 
2010; D’Souza et al., 2008; Muraki et al., 
2009; Muraki et al., 2011) 
Walking 7 (Klussmann et al., 2010; Mounach et al., 
2008; Yoshimura et al., 2004; Allen et al., 
2010; D’Souza et al., 2008; Muraki et al., 
2009; Muraki et al., 2011) 
Sitting 8 (Klussmann et al., 2010; Mounach et al., 
2008; Yoshimura et al., 2006; Yoshimura 
et al., 2004; Allen et al., 2010; D’Souza 
et al., 2008; Muraki et al., 2009; Muraki 
et al., 2011) 
Crawling 1 Allen et al. (2010) 
Bending, twisting 
reaching 
1 Allen et al. (2010) 
The two studies that reported on both occupations and occupational tasks 
(Seidler et al., 2008; Rossignol et al., 2005) as risk factors for knee or hip OA 
were added to the occupational task row. 
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symptomatic knee OA in male patients when they were compared to 
apparently healthy controls (OR 2.16 (95%CI 1.24 to 3.77)) (Klussmann 
et al., 2010). A similar exposure range (4757 to 10,800 h/life) was re-
ported to contribute to the risk of knee OA development in male patients 
(OR 1.6 (95%CI 0.8 to 3.4)) (Seidler et al., 2008) and to further increase 
such risk in male patients with a BMI>25 kg/m2 when they were 
compared to controls with normal BMI (OR 8.9 (95%CI 4.4 to 17.9)) 
(Vrezas et al., 2010). Lifetime exposures to these tasks for more than 10, 
Fig. 2. Occupational tasks examined in included studies and associated comparative risks of developing knee OA following exposure to those tasks* 
Values obtained after trim-and-fill adjustment. 
E.F.D. Canetti et al.                                                                                                                                                                                                                            
Applied Ergonomics 86 (2020) 103097
10
800 h/life were associated with a significant increase in the risk of knee 
OA in men – approximately a 2-fold (Klussmann et al., 2010) to 4-fold 
(Seidler et al., 2008) increase. Similarly, for women, a lifetime expo-
sure of >8934 h/life was associated with more than a two-fold increase 
in the risk of knee OA (Klussmann et al., 2010). Although most studies 
by themselves were not statistically significant, the pooled results from 
the meta-analyses suggested that kneeling, but not squatting, contrib-
uted significantly to the development of knee OA (Fig. 2). 
3.2.4. Standing 
Seven studies reported on standing as a risk factor for the develop-
ment of knee OA. Results of the meta-analysis showed a significant as-
sociation between exposure to this task category and development of 
knee OA (Fig. 2). Two studies (Bernard et al., 2010; D’Souza et al., 2008) 
indicated that women (but not men) standing for more than 2 h/day 
were at increased risk of knee OA. Conversely, Monauch et al. (Mounach 
et al., 2008) described no significant association between standing for 
more than 5 h per day and development of knee OA when comparing 
exposed cases to controls. These differences may be due to either study 
design, sample size or participants’ occupations. The two studies in 
agreement were cross-sectional studies with more than 2000 partici-
pants each (Bernard et al., 2010; D’Souza et al., 2008), while the third, a 
case-control study, included only 95 cases (Mounach et al., 2008). 
Further, more than half of the cases and controls in the case-control 
study were housewives, whereas the two cross-sectional studies 
encompassed a greater variety of trades including farmers, construction 
workers, labourers, machinery operators and retail workers. 
3.2.5. Climbing, walking and crawling 
Four studies reported on climbing as a risk factor for the develop-
ment of knee OA. Whilst three individual studies indicated a statistically 
significant contribution of climbing for the development of knee OA 
(Mounach et al., 2008; Bernard et al., 2010; Muraki et al., 2009), 
trim-and-fill adjusted pooled results, did not (Fig. 2). 
The contribution of walking to the development of knee OA was 
reported in seven studies (Klussmann et al., 2010; Mounach et al., 2008; 
Yoshimura et al., 2004; Rubak et al., 2014; Allen et al., 2010; D’Souza 
et al., 2008; Muraki et al., 2009). Of these, only two individual studies 
identified a statistically significant risk of walking for more than 50% of 
the time in their occupation (OR 1.46 (95%CI 1.12 to 1.90)) (Allen et al., 
2010) or when walking exceeded 3 km per day (OR 1.80 (95%CI 1.48 to 
2.28)) (Muraki et al., 2009). 
Only one study reported on occupational crawling as a risk factor for 
the development of knee OA (Allen et al., 2010), with the overall risk for 
climbing to be related to knee OA found to be 1.39 (95%CI 1.05 to 2.41). 
3.2.6. Physical load (without specifying task) 
Two studies created a physical load exposure index, by coupling 
occupational tasks with other variables, such as time and/or years (Ezzat 
et al., 2013; Jensen, 2005). The first (Ezzat et al., 2013) involved two 
population based cohorts and a physical load index (i.e. product of the 
number of years in the job, activity level and knee bending or kneeling 
score) which was used to categorize cumulative physical load exposures 
into quartiles (Ezzat et al., 2013). Individuals in the highest physical 
loading quartile had higher risk of knee OA (OR 8.16 (95%CI 1.89 to 
35.27)) when compared to the lowest quartile, as did the second highest 
quartile when compared to the second lowest quartile (OR 5.73 (95%CI 
1.36 to 24.12)). Both MRI-diagnosed and symptomatic OA were found to 
have dose response relationships with occupational activity level, while 
radiographically diagnosed knee OA did not. Jensen et al. (Seidler et al., 
2008) reported a higher risk of knee OA in participants with high 
exposure when compared to those with no exposure to such tasks (OR 
7.06 (95%CI 3.7 to 13.4)). The same trend was observed for radio-
graphically diagnosed OA, as those with very high exposure to 
knee-straining tasks were at increased risk of radiographically diagnosed 
knee OA when compared to those not exposed (OR 4.92 (95%CI 1.1 to 
21.9)) (Jensen, 2005). 
3.2.7. Occupational tasks associated with hip OA 
Only three of the included studies (Rubak et al., 2014; Allen et al., 
2010; Kaila-Kangas et al., 2011) provided information on occupational 
tasks associated with the risk of developing hip OA. Despite the low 
number of studies, meta-analysis of findings revealed a significant as-
sociation between exposure to most of these tasks and risk of developing 
hip OA (Fig. 4). Inspection of the funnel plot (Fig. 5) suggested publi-
cation bias for studies of lifting tasks. Trim-and fill (Duval and Tweedie, 
Fig. 3. – Funnel plot for studies of associations between occupational task exposures and lower limb OA.  
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2000) adjustments resulted in two values being inputted to the left of the 
funnel plot (i.e. lower effect size). The adjusted OR and 95%CIs still 
demonstrated significant contribution of lifting to the development of 
hip OA (Fig. 4). 
Three studies reported on the contribution of lifting to the develop-
ment of hip OA (Rubak et al., 2014; Allen et al., 2010; Kaila-Kangas 
et al., 2011). Allen et al. (2010) provided strong evidence of increased 
risk of hip OA development associated with a lifetime exposure to lifting 
>10 kg (OR 1.71 (95%CI 1.28 to 2.29)), 20 kg (OR 1.63 (95%CI 1.15 to 
2.30)) or 50 kg (OR 1.88 (95%CI 1.20 to 2.92)) >10 times per week, in 
agreement with findings from Kaila-Kangas et al. (2011). There was only 
one study (Allen et al., 2010) that examined squatting, crawling, 
bending/twisting/reaching, standing, and kneeling. As shown in Fig. 4, 
only lifting, crawling and bending/twisting/reaching significantly 
increased the risk of hip OA. 
4. Discussion 
Results from this systematic review indicate that individuals in 
physically demanding occupations or exposed to specific types of 
physically demanding tasks were at increased risk of lower limb OA. The 
most frequently reported occupations in which workers were at an 
increased risk of lower limb OA were farming, floor laying and brick 
laying. Squatting with kneeling, kneeling alone, lifting/carrying, lifting 
alone, climbing, standing, walking and crawling constituted specific 
tasks associated with risk of knee OA (Klussmann et al., 2010; Mounach 
et al., 2008; Seidler et al., 2008; Vrezas et al., 2010; Yoshimura et al., 
2004; Allen et al., 2010; Amin et al., 2008; Bernard et al., 2010; D’Souza 
et al., 2008; Kaila-Kangas et al., 2011; Muraki et al., 2009; Zhang et al., 
2004). The data on hip OA was limited, but at least three studies (Rubak 
et al., 2014; Allen et al., 2010; Kaila-Kangas et al., 2011) found that hip 
OA was associated with lifting tasks. 
With regard to occupations, Andersen et al. (2012) reported inci-
dence rates of surgically treated hip OA and knee OA in farmers of 157 
and 47 per 100,000 person-years, respectively. Other occupations, such 
as military service, have been identified to have very high incidence 
rates of OA (Showery et al., 2016; Cameron et al., 2011; Williams et al., 
2016; Medical Surveillance Mont, 2010), with 786 cases of OA per 100, 
000 person-years recorded across all active duty service members in the 
US military (Cameron et al., 2011). Only one military study was 
Fig. 4. Occupational tasks examined in included studies and associated comparative risks of developing hip OA following exposure to those tasks* 
Values obtained after trim-and-fill adjustment. 
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included in this review (Showery et al., 2016), as others failed to meet 
the inclusion criteria of image-based OA diagnosis (Cameron et al., 
2011; Williams et al., 2016; Medical Surveillance Mont, 2010). 
Physically-demanding occupational tasks, such as lifting/carrying 
heavy weights and kneeling/squatting, routinely performed by farmers 
and floor layers, have been frequently associated with increased risk of 
lower limb OA (Klussmann et al., 2010; Mounach et al., 2008; Seidler 
et al., 2008; Vrezas et al., 2010; Yoshimura et al., 2004; D’Souza et al., 
2008; Jensen, 2005; Muraki et al., 2009; Muraki et al., 2011). Exposures 
to lifting and carrying that have been associated with increased risks 
vary and have included >1,088tons/life, >10 kgs for 8–20% of workday 
and >5,120 kg*hour. Exposures to kneeling/squatting (without an 
external load) that have been associated with increased risk of lower 
limb OA have ranged from >1 h/day to cumulatively >4757 h. Inter-
estingly, only one of the included studies reported on military personnel 
(Showery et al., 2016), who, during training and duty are required to 
kneel, squat and march long distances (>10 km) carrying loads of up to 
60% of their body weight (Knapik and Reynolds, 2012; Orr et al., 
2015a), with the higher loads in this range exceeding loads reported in 
other occupations. Simpson et al. (2013) reported on US recruits un-
dertaking their 44-day army basic combat training and noted that, in 7 
non-consecutive days, they carried external loads ranging from 23 to 34 
kgs for a cumulative average of 5.4  3.8 h. Orr et al. (2015b) reported 
on the incidence and distribution of load carriage injuries amongst 
Australian Army soldiers, highlighting that 56% of the injuries affected 
the lower limb, and 62% of load carriage injuries occurred whilst 
marching. Marching with external load has been reported to increase 
ground reaction forces incrementally as load is increased (Birrell et al., 
2007), decreasing stability and altering gait patterns (Birrell and Has-
lam, 2010), and thus exposing all joints in the kinetic chain to risk of 
injury. 
Many tasks that have been consistently identified in literature 
(Verbeek et al., 2017; Seidler et al., 2018) and confirmed in this review 
as risk factors for OA, such as squatting/kneeling and standing, share the 
singularity of being closed kinetic chain movements. They are closed 
chain kinetic movements because the distal aspect (in this case the foot) 
is fixed or stationary on the ground while other joints can move. Thus, 
anomalies in one joint in the chain could influence other joints in the 
chain and a multi-joint symptomatology is a possibility. For example, 
Rytter et al. (2009) demonstrated that workers with radiographically 
confirmed hip alterations had increased likelihood of knee complaints. 
Recently, Paterson et al. (2017a) identified a significant association 
between foot and ankle symptoms (i.e. pain, ache, stiffness) and an in-
crease in risk of developing knee OA or experiencing worsening of 
symptomatic knee OA (Paterson et al., 2017b). Contralateral foot/ankle 
symptoms have been associated with significantly increased risk of 
developing radiographically confirmed knee OA (OR 3.08 (95%CI 1.06 
to 8.98)) (Paterson et al., 2017a). Interestingly a significant risk of 
worsening knee pain was also identified in patients with ipsilateral (OR 
1.5 (95%CI 1.07 to 2.10), p  0.017), contralateral (OR 1.44 (95%CI 
1.02 to 2.06), p  0.038) or bilateral (OR 1.61 (95%CI 1.22 to 2.13), p <
0.001) ankle pain (Paterson et al., 2017b). None of the studies included 
in this review alluded to pain in any other joint besides the knee and hip. 
However, data from military personnel have identified the incidence of 
ankle injuries (e.g. sprains) is 45.14 per 1000 person-years (Bulathsin-
hala et al., 2015). Given the biomechanical adaptations to load carriage 
and the related high incidence of injuries in the kinetic chain, it might 
then be postulated that military personnel are at a higher risk of 
developing or further aggravating conditions affecting the lower limb, 
and particularly knee and hip OA. 
This review is not without its limitations. The methodological quality 
of the studies included in this review was rated on different scales, 
dependent on study design. Most of the studies included in this review 
were of a cross-sectional design, which may create a selection bias and 
disallows definitive identification of a causal relationship (Mann, 2003). 
Further, most studies reviewed have adopted questionnaires to obtain 
information on exposure to occupational tasks, which can be affected by 
recall bias. This methodological approach (i.e. self-reported question-
naires), has been found to provide, at times, an overestimation of 
workload of up to 45% (Klussmann et al., 2010). Such issues are also 
common in case-control studies (Teschke et al., 2002), which make up 
36% (n  10) of the studies reviewed. Additionally, the disparity in 
reporting of cumulative loads poses a challenge when attempting to 
suggest exposure thresholds. Studies have reported exposure utilising 
different measures (e.g. kg/week; tonnes; kg*hour; tonnes/lifetime), 
and often fail to provide the duration of exposure (i.e. years worked, 
lifetime in years). Without such information one is left to speculate if the 
risk of OA is linked to the weight of the load, frequency of the task, 
Fig. 5. Funnel plot for studies of associations between occupational task exposure and hip OA.  
E.F.D. Canetti et al.                                                                                                                                                                                                                            
Applied Ergonomics 86 (2020) 103097
13
duration of the task, or the combination of all four. 
Future studies assessing risk of OA development based on occupa-
tional task exposures should aim to disclose all information on the data 
captured and aim to standardise exposure assessment, thus allowing 
direct comparisons between exposures. Therefore, findings of this re-
view must be interpreted with caution as they are based heavily on self- 
reported assessments and poorly defined cumulative loads. 
5. Conclusion 
Findings of this review indicate a consensus that highly physical 
occupational demands contribute to the development of knee and hip 
OA. This review provides evidence that exposure to knee-straining oc-
cupations and occupational tasks, particularly kneeling, lifting and 
lifting/carrying are indeed risk factors for the development of OA, in 
corroboration with the two latest dose-response exposure analysis by 
Seidler et al. (2018) and Verbeek et al. (2017). Further, combinations of 
arduous occupational tasks (i.e. kneeling/squatting and heavy lifting/-
carrying), seem to impose a greater risk for the development of lower 
limb OA, when compared to single tasks. Therefore, ergonomist should 
encourage the use of existing tools, or oversee the design of new tools 
that may decrease exposure to such tasks. 
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